In semi-crystalline materials a stronger T-dependence is found. A study of ionic dyes shows that optical spectra, electron-phonon interactions and photochemistry are correlated with host polarity.
Hole-burning has been used 1 ) to study optical dephasing in organic amorphous and semi-crystalline systems at temperatures down to 0.3K, 2) to do high resolution site-selection spectroscopy of ionic dyes in amorphous hosts.
In the first study we have found that the homogeneous linewidths of 0-0 transitions of a great variety of organic impurities in a large number of amorphous host materials (glasses and polymers) between 0.3 and 20 K obey a T'.~ temperature dependence [ I ] . This power law not only is independent of the system measured, but also of the process by which the hole is burnt (either a photochemical reaction or a photcpnysical process).
These findings are illustrated in figures 1 to 3, where the homogeneous linewidths rho, as a function of T are given as log-log plots. In fig. 1 I n t h e s e systems hole-burning is caused by a photochemical r e a c t i o n w i t h i n t h e g u e s t molecule 12-43. W e s e e t h a t a l l t h r e e c u r v e s i n f i g . 1 have t h e same temperature dependence, rhoma~1'3f0'1, and i n f i g . 2 t h e same i s t r u e f o r a s i n g l e g u e s t (H2P) i n many (amorphous) polymer h o s t s . I n f i g . 3 t h e i o n i c dyes r e s o r u f i n and c r e s y l v i o l e t i n t h e amorphous h o s t s e t h a n o l and PMMA a r e p l o t t e d between 0.3 and 4.2 K. I n t h e s e systems t h e lfphotochemical r e a c t i o n * seems t o r e s u l t from a change i n guest-host i n t e r a c t i o n i n t h e e x c i t e d s t a t e . Although t h e hole-burning mechanism is d i f f e r e n t from t h e p r e v i o u s one, t h e v a l u e s of Thorn a r e a g a i n very small ( t e n s of MHz t o a few GHz depending on t h e temperature) and obey t h e same temperature dependence. These r e s u l t s a r e i n c o n t r a s t w i t h t h o s e on i o n i c dyes i n t h e l i t e r a t u r e , where v a l u e s l a r g e r by one [5,61 t o two o r d e r s of magnitude [ 7 ] have been r e p o r t e d .
Our v a l u e s of rhom f o r o r g a n i c systems i n v a r i a b l y e x t r a p o l a t e t o t h e l i f e t i m e -l i m i t e d value To = (2nT1)-l. I n some systems t h i s v a l u e is i n f a c t reached a t T 2 0.3 K, s e e f i g . 4 ,
where rhom v e r s u s T f o r d i f f e r e n t g u e s t s ( r e s o r u f i n , DMST and H2P1 i n polyethylene (PE) a r e p l o t t e d . The v a l u e s marked with rhom -20, -25 and -10 MHz r e s p e c t i v e l y a r e i n good agreement with t h e f l u o r e s c e n c e decay times measured f o r t h e s e molecules. W e t h i n k t h e r e is only a weak c o u p l i n g between t h e g u e s t and t h e o r g a n i c h o s t , c o n t r a r y t o what seems t o be t h e c a s e f o r i n o r g a n i c g l a s s e s C81.
We
have f u r t h e r s t u d i e d s e m i -c r y s t a l l i n e polymers as h o s t s i n o r d e r t o t e s t t h e o r e t i c a l models f o r o p t i c a l dephasing. F o r t h i s purpose we have l o o k e d a t
h i g h l y c r y s t a l l i n e p o l y e t h y l e n e (PE) which was m e l t e d and t h e n q u i c k l y s o l i d i f i e d by p l u n g i n g i n t o l i q u i d n i t r o g e n , o r c o o l e d t o room t e m p e r a t u r e i n a few h o u r s .
Samples were p r e p a r e d e i t h e r by d i f f u s i n g t h e g u e s t (DMST) i n t o PE a f t e r t h e l a t t e r was a l r e a d y
s o l i d i f i e d , o r by d i s s o l v i n g t h e g u e s t i n t o t h e polymer w h i l e i n i t s l i q u i d s t a t e and s o l i d i f y i n g t h e sample ( g u e s t + h o s t ) a f t e r w a r d s . I n t h e l a t t e r c a s e t h e samples show amorphous behaviour w i t h r e s p e c t t o d e p h a s i n g , s i n c e Thorn f o l l o w s a T"~-dependence. I n t h e former c a s e , however, t h e T-dependence of rhom is much s t e e p e r , and i n c r e a s e s t o -T5 f o r t e m p e r a t u r e s down t o 0.3 K ( s e e f i g . 5 ) . The d i f f e r e n c e i n T-dependence ( T I s 6 t o T2.') f o r t h e two s y s t e m s between 1.2 and 4.2 K seems t o be c o r r e l a t e d w i t h t h e d e g r e e of l o c a l o r d e r i n t h e polymer s t r u c t u r e i n t h e v i c i n i t y of t h e g u e s t : t h e h i g h e r t h e c r y s t a l l i n i t y t h e s t r o n g e r t h e T-dependence o b s e r v e d . Notice i n f i g . 5 t h a t f o r
DMST i n amorphous PMMA, Thorn , T1.3+0.1 . It a p p e a r s from t h e s e r e s u l t s t h a t holeb u r n i n g i s a v e r y s e n s i t i v e t e c h n i q u e t o probe t h e s t r u c t u r a l environment of a g u e s t .
I n f i g . 6 we show a p l o t of l o g ( r h o m -r o ) v e r s u s T-' f o r t h e semic r y s t a l l i n e s a m p l e DMST i n PE, and t h e amorphous samples r e s o r u f i n and H2P i n PE.
The c u r v e s a t t h e t o p of t h e f i g u r e , drawn f o r comparison, correspond t o DMST, r e s o r u f i n and H2P i n t h e amorphous h o s t PMMA. For DKT i n PE we o b s e r v e a much s t e e p e r c u r v e t h a n f o r t h e o t h e r two PE s a m p l e s , which can be approached by an a c t i v a t i o n e n e r g y E = 3.2 k 0.7 em-'. For comparison, a l s o t h e curve f o r H2P i n an n-decane c r y s t a l is drawn, f o r which E = 7 em-' [91. These r e s u l t s s u g g e s t
t h a t an i n t e r p r e t a t i o n of t h e o p t i c a l dephasing i n terms of a d i s t r i b u t i o n of t h e r m a l l y a c t i v a t e d low-frequency l i b r a t i o n a l modes [ l o ] is t h e most l i k e l y f o r
s e m i -c r y s t a l l i n e systems. I t should be n o t i c e d ( s e e f i g . 6 ) t h a t amorphous systems, i f e x p l a i n e d i n t h e same way, would have much lower frequency modes, E -0.2-1.0 em-' (no TLS taken i n t o account ). A l l t h e o r e t i c a l models f o r o p t i c a l dephasing i n amorphous s o l i d s , w i t h t h e e x c e p t i o n of r e f e r e n c e [ l o ] , invoke o n l y two-level systems i n t h e g l a s s [ I l l which a r e coupled on t h e one hand t o t h e g u e s t , and on t h e o t h e r t o phonons or " f r a c t o n s " of t h e h o s t [ I 21. I n t h e second s t u d y we have i n v e s t i g a t e d t h e i o n i c dyes r e s o r u f i n and c r e s y l v i o l e t i n v a r i o u s o r g a n i c g l a s s y a l c o h o l s and polymers. By means o f h i g h r e s o l u t i o n s i t e -s e l e c t i o n spectroscopy i n combination w i t h hole-burning we were a b l e t o i d e n t i f y t h e v i b r a t i o n a l f r e q u e n c i e s of ground and e x c i t e d s i n g l e t s t a t e s , which otherwise a r e hidden i n t h e broad inhomogeneous bands. The r e s u l t s f u r t h e r g i v e an i n s i g h t i n t o t h e electron-phonon c o u p l i n g s t r e n g t h i n t h e v a r i o u s media, which i s s t r o n g e r f o r t h e charged dyes t h a n f o r uncharged molecules i n t h e same h o s t , and v a r i e s s t r o n g l y w i t h t h e p o l a r i t y of t h e h o s t . I n a d d i t i o n , we have observed photoproducts of t h e s e i o n i c dyes i n t h e o p t i c a l s p e c t r a , which a r e s h i f t e d by " 50 t o 400 em-' t o t h e b l u e from t h e o r i g i n a l molecule. These s h i f t s again vary s t r o n g l y with t h e p o l a r i t y of t h e h o s t . Most probably a charge r e d i s t r i b u t i o n occurs i n t h e i o n on e x c i t a t i o n , which v a r i e s markedly w i t h its environment.
